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Abstract:  
 
Background: Leptospirosis is a cosmopolitan zoonosis caused by Leptospira interrogans responsible for heavy 
loss both economically and in health, in humans and animals. This study was conducted to determine the 
seroprevalence and risk factors associated with Leptospira interrogans serovar Hardjo infection in cattle in the 
state of Setif, northeastern Algeria. 
Methodology: Between the period 2015 and 2019, a total of 48 randomly selected herds of cattle were 
investigated, and 406 sera from apparently healthy cattle were analyzed using an indirect enzyme-linked 
immuno-sorbent assay (ELISA). In order to determine possible risk factors related to leptospirosis, a pre-validated 
questionnaire was administered to herd owners.  
Results: The herd prevalence of Leptospira interrogans serovar Hardjo was 31.25% (15/48, 95% CI 19.95–
45.33) while the cattle prevalence was 5.42% (22/406, 95% CI 3.61–8.07). Multivariable logistic regression 
analysis showed that the age of cattle between 3 and 6 years (OR = 9.25; p< 0.03), breeding herd size > 20 
cows (OR = 13.65; p< 0.01), and semi-intensive management system (OR = 0.21; p< 0,02) were significantly 
associated with seropositivity to Leptospira interrogans serovar Hardjo.  
Conclusion: We concluded from this study that Leptospira interrogans serovar Hardjo is circulating among cattle 
farms in the state of Setif, Algeria. Furthermore, we recommend more studies to be carried out to prove the 
infectivity and implementation good hygienic practices among cattle farms and people at risk. 
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Abstrait: 
Contexte: La leptospirose est une zoonose cosmopolite causée par Leptospira interrogans, responsable de 
lourdes pertes économiques et sanitaires, chez l'homme et l'animal. Cette étude a été menée pour déterminer la 
séroprévalence et les facteurs de risque associés à l'infection à Leptospira interrogans serovar Hardjo chez les 
bovins de l'État de Sétif, dans le nord-est de l'Algérie.                        
Méthodologie: Entre 2015 et 2019, un total de 48 troupeaux de bovins sélectionnés au hasard ont été étudiés, 
et 406 sérums de bovins apparemment sains ont été analysés à l'aide d'un test d'immunosorbant indirect lié à 
une enzyme (ELISA). Afin de déterminer les facteurs de risque possibles liés à la leptospirose, un questionnaire 
pré-validé a été administré aux propriétaires de troupeaux.                                
Seroprevalence and risk factors for leptospirosis in cattle   Afr. J. Clin. Exper. Microbiol. 2020; 21 (3): 185-191 
186 
 
Résultats: La prévalence du troupeau de Leptospira interrogans serovar Hardjo était de 31,25% (15/48, IC 95% 
19,95–45,33) tandis que la prévalence bovine était de 5,42% (22/406, IC 95% 3,61–8,07). Une analyse de 
régression logistique multivariable a montré que l'âge des bovins entre 3 et 6 ans (OR=9,25; p<0,03), la taille 
du troupeau reproducteur >20 vaches (OR=13,65; p<0,01) et le système de gestion semi-intensive (OR=0,21; 
p<0,02) étaient significativement associés à la séropositivité pour le sérovar Hardjo de Leptospira interrogans.                            
Conclusion: Nous avons conclu de cette étude que Leptospira interrogans serovar Hardjo circule parmi les 
élevages bovins de l'Etat de Sétif, en Algérie. De plus, nous recommandons de mener plus d'études pour prouver 
l'infectivité et la mise en œuvre de bonnes pratiques d'hygiène dans les élevages bovins et les personnes à risque. 
Mots-clés: ELISA, troupeaux, questionnaire, leptospirose, prévalence, Algérie 
Introduction: 
 Leptospirosis is a worldwide zoonotic 
disease, representing a global public health 
problem, with high morbidity and mortality 
(1). It is an emerging infectious disease 
caused by a pathogenic bacterium, Leptospira 
interrogans, which infects humans as well as 
wild and domestic animals (2). The dissemi-                
nation of this pathogen occurs mainly by 
exposition to urine of the major reservoirs 
(rodents) and other animals directly or 
indirectly via urine-contaminated water (1). 
Leptospira species have about 300 serovars 
clustered into 28 serogroups (3). Among all 
serovars, Leptospira interrogans serovar 
Hardjo is considered as the main serovar 
responsible for leptospirosis in cattle (4). 
Bovine leptospirosis is most often a chronic 
subclinical disease (5), mainly characterized 
by reproductive losses including abortions, 
stillbirth and miscarriages as well as reduced 
weight gain, mastitis, and decreased milk yield 
(6,7,8). However, laboratory tests, mainly 
serological methods, are used to confirm 
diagnosis (9).     
 The most widely reported risk factors 
for leptospirosis in bovine herds are age of 
cows, large herd size, presence of dogs in rural 
properties co-grazing with other infected 
animals, contaminated water sources, use of 
natural breeding, purchase of replacement 
heifers from infected herds, and dirty 
drenching equipment (10,11,12). Neverthe- 
less, these risk factors are highly variable 
among different regions (13,14,15).   
 Several studies have been conducted 
in many countries of the world to determine 
the prevalence of Leptospira serovar Hardjo 
infection in cattle and have reported 
prevalence rates ranging from 3% to 50% at 
the animal level (16, 17). In Algeria, only one 
serological study on bovine leptospirosis has 
been conducted targeting a small number of 
cows in Algiers region (18). Therefore, the 
objectives of this study are to determine the 
seroprevalence of Leptospira interrogans 
serovar Hardjo infection in apparently healthy 
cows in the Setif region of Algeria, and to 
identify risk factors associated with its 
seropositivity. 
Materials and method:  
 
Study area 
 The study was carried out in the high 
plains of Setif in the Northeast of Algeria. This 
region covers approximately 6,550 km2 and 
lies between the longitudes 4°73′ - 6°02′ and 
the northern latitudes of 35°61′-36°59′. The 
climate is semi-arid Mediterranean, charact- 
erized by cold rainy winters and hot dry 
summers. The average annual rainfall was 350 
mm from 1984 to 2014. The study area 
contains approximately 161,952 cattle, inclu- 
ding 79,354 dairy cows distributed in 4,465 
dairy herds (Agricultural Services Direction of 
Setif 2015) (Fig. 1). 
 
Study design and sampling 
 The study is descriptive cross sectional 
targeting small to medium sized cattle herds 
located in the Setif region of Algeria, 
conducted during the period 2015 to 2019.  
We calculated the sample size using the 
formula for simple random samples 




where ‘n’ is the required 
sample size; ‘Pexp’ is expected prevalence; ‘d’ 
is desired absolute precision; and 1.96 is the 
Z value for the selected confidence level 
(95%). According to this formula, the 
minimum sample size for an infinite population 
was calculated to be 384 cows using an 
expected individual prevalence of 50% (as 
there were no previous studies in this region), 
a desired absolute precision of 5%, and a 
confidence level of 95%. The sample size was 
increased to 406 in order to increase the 
absolute precision and compensate for 5% 
attrition.  
 A total of 406 apparently healthy 
cows, from which blood samples were 
collected, were therefore selected by simple 
random sampling technique among the cattle 
population aged 3 and 13 years old from a 
total of 48 cattle herds (Fig. 1). The minimum 
number of cows to be tested from each herd 
was established as 10 (20), corresponding to 
the probability of detecting at least one 
seropositive animal per herd. For herds with 
less than 10 cows, all of them were selected 
for testing. 




Fig.1: Map of Setif state in the northeastern Algeria, showing the coordinates of the sample locations and spatial distribution of 
cattle herds that were seropositive for Leptospira interrogans serovar Hardjo infection using Arc GIS software 
Collection of samples and conservation 
 After complete physical examination of 
the enrolled apparently healthy cows, about 
10 mL of whole blood was aseptically collected 
from each cow via the coccygeal vein into plain 
vacutainer sterile tubes using disposable 
needles. The tubes were then numbered and 
immediately transported, on ice, to the 
laboratory. Serum was obtained by 
centrifugation of clotted samples at 3000 g for 
5 to 10 minutes. The sera were immediately 
transferred to Eppendorf® tubes and rapidly 
stored in a freezer at -20°C until laboratory 
analysis was performed. 
 
Data collection 
 A pre-validated structured question- 
naire was interview-administered to herd 
owners at the time of blood collection in order 
to obtain information on potential risk factors 
associated with Leptospira interrogans serovar 
Hardjo infection. The questionnaire included 
information related to the herds visited 
(management system, breeding type and herd 
size) and the cows enrolled (breed, age, 




 The sera were analyzed in the National 
Center for Biotechnology Research of 
Constantine (CRBt). For the detection of 
specific antibodies against Leptospira 
interrogans serovar Hardjo, we used an 
indirect ELISA test of the PrioCHECK™ L. 
hardjo Ab Strip Kit (Thermo Fischer Scientific, 
Netherlands) following the protocol prescribed 
by the manufacturer. The result of each 
sample was expressed as percent positivity (% 
PP), which was calculated according to the 
formula; % PP = (correct OD450 test 
sample/correct OD450 reference serum1)x 100. 
Samples with a % PP greater than 45% were 
considered positive; % PP between 20 and 
45% were considered as inconclusive, and 
those less than 20% were considered 
negative. Inconclusive results were considered 
negative in this study.  
 
Statistical analysis   
 The relationship of the risk factors 
potentially associated with Leptospira 
interrogans serovar Hardjo seropositivity was 
evaluated in two steps; univariable and 
multivariable analyzes. In the univariable 
analysis, Chi-square or Fischer tests was used 
to examine the association of each variable to 
Hardjo sero-positivity (21). Variables with a 
p≤0.20 were subjected to multivariable 
logistic regression analysis (22), which was 
expressed by a significance level (p) of 5%, 
odds ratio (OR), standard error (SE) and 95% 
confidence interval (CI). The statistical 
analysis was performed using SPSS IDEM 23.0 




Overall seroprevalence of Leptospira 
interrogans serovar Hardjo 
 The results showed that of the 406 
animals, 22 tested positive for Leptospira 
interrogans serovar Hardjo, with an individual 
prevalence rate of 5.42% (95% CI 3.61–
8.07%), and 15 of the 48 herds tested 
positive, with herd seroprevalence rate of 
31.25% (95% CI 19.95–45.33%) (Table 1). 
The seroprevalence rate of the cows per herd 
ranged from 7 to 33.3% (95% CI ± 4.63, 
mean 17.90%, Q1 10%, median 20%, Q3 
25%). 
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Table 1: Seroprevalence of Leptospira interrogans serovar Hardjo infection in individual cows and herds 
sampled in Setif, Algeria 
 
Table 2: Seroprevalence and risk factors associated with Leptospira interrogans serovar Hardjo infection among 
cattle in Setif, Algeria during the period 2015 to 2019 







Pregnancy Yes 244 13 5.33 0.929 
No 162 9 5.65 
 











>6 120 1 0.83 
 





































Semi-intensive 353 18 5.10 













10-20 196 4 2.04 













Imported 318 17 5.35 
Local 14 1 7.14 
 












No 375 19 5.07 
 
Risk factors analysis  
 Table 2 shows the results observed for 
the risk factors. The univariable analysis 
showed significant association of Hardjo 
infection with both herd size (p=0.008) and 
age of cow (p=0.001). In the multivariable 
(Table 3) analysis, there was significant 
association between herd size and Leptospira 
interrogans serovar Hardjo sero-positivity. 
Herds with more than 20 cows were 13 times 
more likely to contract leptospirosis than those 
with 10-20 and 5-10, therefore sero-positivity 
increases with the herd size. Also, cows under 
6 years of age were more likely to be 
seropositive compared to cows over 6 years 
old (OR: 9, p=0.03). In addition, herds raised 
in semi-intensive system have lower risk of 
being seropositive to Leptospira interrogans 
serovar Hardjo compared with herds in the 
intensive system (OR 0.21, p=0.02).  
  







95% confidence interval 
Lower Upper 
Individual cow 406 22 5.42 3.61 8.07 
Herd of cattle 48 15 31.25 19.95 45.33 
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Table 3: Multivariate analysis of risk factors for Leptospira interrogans serovar Hardjo infection of cattle in 
the State of Setif, Algeria 
Risk factors Standard 
Error (SE) 
Odds ratio (OR) P value 95% confidence interval 
Lower Upper 
Semi-intensive system 0.68 0.21 0.02 0.06 0.82 
Age of cows (3-6 years) 1.04 9.25 0.03 1.19 71.47 
Herd size >20 1.02 13.65 0.02 1.58 117.7 
 
Discussion:   
  
 The main objective of this study was 
to determine the prevalence and risk factors 
for Leptospira interrogans serovar Hardjo 
infection among herds of cattle in the state of 
Setif, northeast of Algeria. To our knowledge, 
this is the first major study to report the 
seroprevalence and risk factors of Leptospira 
interrogans serovar Hardjo infection in cattle 
in Algeria. Often, the diagnosis of bovine 
leptospirosis is complex and difficult. Apart 
from abortion, Leptospira interrogans infection 
in cows is often asymptomatic and unnoticed 
(23). Consequently, the use of serological 
tests remains the only alternative to screen 
animal for infection in vivo. ELISA is a 
commonly used method for initial serological 
screening for the detection of specific 
antibodies against Leptospira interrogans (9), 
because it is practical, rapid, inexpensive, and 
has higher throughput (24). Compared to the 
micro-agglutination test (MAT) (the reference 
serological method for leptospirosis 
detection), ELISA is characterized by a high 
sensitivity and specificity (9). For these 
reasons, we used indirect ELISA to determine 
the seroprevalence of specific antibodies 
against Leptospira interrogans serovar Hardjo 
natural infection in healthy unvaccinated 
cows, as vaccination against bovine 
leptospirosis is not a usual practice in Algeria.
 In the present study, we report an 
individual seroprevalence rate of 5.42%, 
which is quite similar to 3.89% reported by the 
only study performed in Algiers region in 
Algeria (18). The rate in our study is also 
similar to what have been reported by studies 
in other countries such as Malaysia with 2.4% 
(25), Nigeria 8.44% (26), Laos 3% (27), Iran 
5.61% (28), Trinidad 4.1% (29), Mexico 2.4% 
(30) and Turkey 2.8% (31). Contrariwise, 
higher prevalence rates have been reported in 
studies from Tanzania 14.76% (17), India 
27.76% (32), Jordan 26.25% (13), 
Bangladesh 47.27% (14), New Zealand 45.6% 
(33), and extremely high rate in Brazil 83.3% 
(34). However, the rate in our study is still 
higher than 0.8% reported from Morocco (35) 
and 1% from Spain (36). Similarly, in this 
study, the herd prevalence was 31.25%, 
which is much lower than rates reported in 
other countries such as Brazil with 100% (37), 
Jordan 92.3 % (13) and Ireland 82.29% (11). 
On the other hand, this rate is higher than 
11% reported in Spain (36). These discre- 
pancies in individual and herd prevalence rates 
between regions and countries can be 
attributed to several factors, such as local 
ecological factors, type of management and 
husbandry practices, levels of natural 
immunity and disease resistance among 
different breeds (13,14).  
 Another aspect of our work was to 
study the risk factors associated with 
Leptospira interrogans serovar Hardjo sero- 
positivity. Indeed, univariable and multi- 
variable analyses showed that herd size, age 
of cows and management system are the 
major risk factors that have potential impact 
on the Hardjo seroprevalence in cattle. We 
observed that Hardjo sero-positivity increases 
with herd size (OR of 13 and seroprevalence 
rate of 12.40% for size > 20). In the literature, 
many studies have reported the same findings 
(11,14,38,39). This observation might be 
attributed to poor quality of sanitation facilities 
and the great difficulty in monitoring the 
hygienic measures on large-scale compared to 
small dairy farms, and the rapid spread of 
infection in overcrowded farms, which is a 
potential risk factor for higher prevalence of 
leptospirosis (14).          
 In this study, cows aged 3 to 6 years 
old were more likely to be infected by Hardjo 
(OR of 9 with seroprevalence 7.34%) 
compared to the other age category (more 
than 6 years old with seroprevalence of 
0.83%). Indeed, Ijaz et al., (40) reported that 
age is a potential risk factor for Leptospira 
interrogans serovar Hardjo infection, where 
young animals were more likely infected than 
adults. This has been reported by others 
studies (11,41,42). Moreover, cows raised in 
semi-intensive system have lesser chance of 
becoming seropositive to the disease, with a 
seroprevalence of 5.10% (OR of 0.2), 
compared to those raised in an intensive 
Seroprevalence and risk factors for leptospirosis in cattle   Afr. J. Clin. Exper. Microbiol. 2020; 21 (3): 185-191 
190 
 
system, where the seroprevalence was 
12.12%. This finding might be explained by 
the fact that farms in intensive system suffer 
from massive infestation by rodents (major 
reservoirs of leptospirosis), poor food storage 
(direct contact of rodents with cattle feed), 
and long-term direct contact between animals, 
which was observed by us during this study. 
Moreover, Dos-Santos et al., (38) attributed 
this problem to the poor husbandry practices 
and to the fact that infected animals in 
overcrowded and confined conditions increase 
the risk of contaminating the environment. In 
contrast to our findings, Ismail et al., (13) 
reported that cattle under semi-intensive 
system were more likely to be infected by 
leptospirosis. However, in their study, they 
investigated both Hardjo and Pomona 
serovars. For the last one, boars were the 
main reservoir, and were more in contact with 
semi-intensive farms and less likely to be in 
touch with animals in well-isolated herds 
under intensive system.  
 
Conclusion   
 
 In conclusion, results of this study 
showed that Leptospira interrogans serovar 
Hardjo is present and circulating in apparently 
healthy cows in Setif state of Northeastern 
Algeria. Herd size, age of cows and as well as 
management system were key associated 
factors for leptospirosis in these herds. 
Therefore, we recommend very wide surveys 
in animals and humans all over the country to 
assess the real prevalence of leptospirosis in 
Algeria. We also recommend the implement- 
tation of hygiene practices and biosecurity 
measures in farms to reduce the spread of 
infection, as well as the use of vaccination in 
animals and people at risk.  
 
Acknowledgements:  
 The authors acknowledge animal and 
local resource management laboratory and the 
National Veterinary School in Algiers (ENSV), 
as well as the veterinarians of the Setif state 
for their participation in providing the samples. 
Special appreciation to National Center for 
Biotechnology Research of Constantine (CRBt) 
and Pasteur Institute of Algeria for the 
resources made available by them.  
 
References:                       
 
1.  Levett, P. N. Leptospirosis. Clin Microbiol Rev. 
 2010; 14: 296-326                          
2.  Ko, A. I., Goarant, C., and Picardeau, M. 
 Leptospira: the dawn of the molecular genetics 
 era for an emerging zoonotic pathogen. Nat Rev 
 Microbiol. 2009; 7: 736-747.                                 
3.  Saito, M., Villanueva, S. Y., Kawamura, Y., et al. 
 Leptospira idonii sp. nov., isolated from 
 environmental water. Int J Syst Evol Microbiol. 
 2013; 63: 2457-2462.                                      
4.  Lilenbaum, W., Martins, G. Leptospirosis in cattle: 
 a challenging scenario for the understanding of 
 the epidemiology. Transbound Emerg Dis. 2014; 
 61: 63-68.                    
5.  Sakhaee, E., Abdollahpour, G. R., Bolourchi, M., 
 et al. Comparison between microscopic  agglutin- 
 nation test (MAT) and enzyme-linked immuno- 
 sorbent assay (ELISA) for detection of lepto- 
 spiral antibodies in cattle. Comp Clin Pathol. 
 2010;19:271–274.                                                        
6.  Bahari, A., Abdollahpour, G., Sadeghi-Nasab, A., 
 et al. A serological survey on leptospirosis in 
 aborted dairy cattle in industrial farms of 
 Hamedan suburb, Iran. Iranian J Vet Res. 2011; 
 12: 337-339.                           
7.  Quinn, P. J., Carter, M. E., Markey B., et al. 
 Clinical veterinary microbiology, Wolfe Publication 
 Ltd, Spain, 1994.                                                     
8.  Faine, S., Adler, B., Bolin, C., et al. Leptospira and 
 Leptospirosis, Med Sci, Melbourne, Australia, 2nd 
 ed, 2000.                                         
9.  Ahmad, S. N., Shah, S., and Ahmad, F. M. H. 
 Laboratory diagnosis of leptospirosis. J Post Grad 
 Med. 2005; 51: 195-200.                                      
10.  Chiebao, D. P., Valadas, S. Y. O. B., Minervino, A. 
 H. H., et al. Variables associated with infections 
 of cattle by Brucella abortus, Leptospira spp. and 
 Neospora spp. in Amazon region in Brazil. 
 Transbound Emerg Dis. 2015; 62: 30-36.                        
11.  Ryan, E. G., Leonard, N., O'Grady, L., et al. Herd-
 level risk factors associated with Leptospira 
 Hardjo seroprevalence in beef/suckler herds in 
 the Republic of Ireland. Ir Vet J. 2012; 65: 6.                    
12.  Miyama, T., Watanabe, E., Ogata, Y., et al. Herd-
 level risk factors associated with Leptospira 
 Hardjo infection in dairy herds in the southern 
 Tohoku, Japan. Prev Vet Med. 2018; 149:15–20.                                    
13.  Ismail, Z. B., Abutarbush, S. M., Almajali, A., et 
 al. Seroprevalence and risk factors of Leptospira 
 serovar Pomona and Leptospira serovar Hardjo 
 infection in dairy cows in Jordan. J Infect Dev 
 Ctries. 2019; 13 (6): 473-479.                    
14.  Parvez, M. A., Prodhan, M. A. M., Rahman, M. A., 
 et al. Seroprevalence and associated risk factors 
 of Leptospira interrogans serovar Hardjo in dairy 
 cattle of Chittagong, Bangladesh. Pak Vet J. 
 2015; 35 (3): 350-354.                      
15.  Favero, J., de Araújo, H. L., Lilenbaum, W., et al. 
 Bovine leptospirosis: Prevalence, associated risk 
 factors for infection and their cause-effect 
 relation. Microbial. Pathogenesis. 2017; 107: 149 
 -154.                        
16.  Savalia, C. V., and Pal, M. Studies on the reservoir 
 status of leptospirosis in Gujara. Indian J Field 
 Vet. 2008; 4: 7 - 9 
17.  Schoonman, L., and Swai, E. S. Herd- and animal-
 level risk factors for bovine leptospirosis in Tanga 
 region of Tanzania. Trop Anim Hlth Prod. 2010; 
 42: 1565–1572.                                    
18.  Derdour, S. Y., Hafsi, F., Azzag, N., et al. 
 Prevalence of the main infectious causes of 
 abortion in dairy cattle in Algeria. J Vet Res. 2017; 
 61: 337–343.                
19.  Thrusfield, M. Veterinary Epidemiology, Blackwell 
 Science Ltd, 3rd edn, Oxford, UK, 2007.                       
20.  Cannon, R. M., and Roe, R. T. Livestock Diseases 
 Surveys, A Field Manual for Veterinarians, 
 Canberra: Australian Bureau of Animal Health, 
 1982.                  
21.  Zar, J. H. Biostatistical analysis, Upper Saddle 
 River: 5thed, Prentice Hall, 1999.                      
22.  Hosmer, D. W., and Lemeshow, S. Applied logistic 
 regression, John Wiley and Sons, 2nd ed, New 
 York, 2000.                               
23.  Ellis, W. A. Manifestations cliniques des 
 leptospiroses chez le bétail. Méd Mal Infect. 1981; 
 11: 84-85.                                      
24.  World Organization for Animal Health (OIE). 
 Manual of Diagnostic Tests and Vaccines for 
 Terrestrial Animals, OIE, Paris. 2018; Chapter 
 2.1.16.                      
25.  Daud, A., Fuzi, N. M. H. M., Arshad, M. M., et al. 
Seroprevalence and risk factors for leptospirosis in cattle   Afr. J. Clin. Exper. Microbiol. 2020; 21 (3): 185-191 
191 
 
 Leptospirosis seropositivity and its serovars 
 among cattle in Northeastern Malaysia. 
 Veterinary World. 2018; 11 (6): 840-844.                         
26.  Ngbede, E. O., Raji, M. A., Kwanashie, C. N., et 
 al. Serosurvey of Leptospira spp serovar Hardjo 
 in cattle from Zaria, Nigeria. Rev Méd Vét. 2013; 
 164 (2): 85-89.                          
27.  Vongxay, K., Conlan, J. V., Khounsy, S., et al. 
 Seroprevalence of Major Bovine Associated 
 Zoonotic Infectious Diseases in the Lao People’s 
 Democratic Republic. Vector Borne and Zoonotic 
 Diseases. 2012; 12: 10.                         
28.  Sakhaee, E., and Abdollahpour, G. R. Detection of 
 leptospiral antibodies by microscopic agglutin- 
 nation test in north-east of Iran. Asian Pac 
 J Trop Biomed. 2011; 227-229.                     
29.  Shariane, M., Suepaul, C. V., Carrington, M., et 
 al. Seroepidemiology of leptospirosis in livestock 
 in Trinidad. Trop Anim Hlth Prod. 2011; 43: 367- 
 375.                      
30.  Leon, L. L., Garcia, R. C., Diaz, C. O., et al. 
 Prevalence of Leptospirosis in Dairy Cattle from 
 Small Rural Production Units in Toluca Valley, 
 State of Mexico. Animal Biodiversity and 
 Emerging Diseases. 2008; 1149: 292–295 
31.  Kocabiyik, A. L., Cetin, C. Bovine leptospirosis in 
 south Marmara region of Turkey: A serological 
 survey. Rev Méd Vét. 2004; 155 (12) 606-608.            
32.  Balamurugan. V.,  Anusha, A., Patil, B. K., et al.  
 Prevalence of Leptospira serogroup-specific 
 antibodies in cattle associated with reproductive 
 problems in endemic states of India. Trop Anim 
 Hlth Prod.  2018; 50 (5): 1131-1138. 
33.  Dreyfus, A., Wilson, P. Benschop, J., et al. 
 Seroprevalence and herd-level risk factors for 
 seroprevalence of Leptospira spp. in sheep, beef 
 cattle and deer in New Zealand. New Zealand 
 Veterinary Journal. 2018; 66 (6): 1-27 
34.  Prescott, J. F., Miller, R. B., Nicholson, V. M., et 
 al. Seroprevalence and association with abortion 
 of leptospirosis in cattle in Ontario. Can Vet J. 
 1988; 52: 210-215                        








































35.  Benkirane, A., Noury, S., Hartskeerl, R. A., et al. 
 Preliminary Investigations on the Distribution 
 of Leptospira Serovars in Domestic Animals in 
 North‐west Morocco. Transbound Emerg Dis. 
 2016; 63: 178-184.              
36.  Alonso-Andicoberry, C., Garcia-Pena, F. G., 
 Pereira-Bueno, J., et al. Herd-level risk factors 
 associated with Leptospira spp. Seroprevalence in 
 dairy and beef cattle in Spain. Preventive 
 Veterinary Medicine. 2001; 52: 109 - 117.                        
37.  Campos, A. P., Miranda, D. F. H., Rodrigues, H. 
 W. S., et al. Seroprevalence and risk factors for 
 leptospirosis in cattle, sheep, and goats at 
 consorted rearing from the State of Piauí, 
 northeastern Brazil. Trop Anim Hlth Prod. 2017 
 49: 899–907.                                               
38.  Dos-Santos, J. P., Lima-Ribeiro, A. M., Oliveira, P. 
 R., et al. Seroprevalence and risk factors for 
 leptospirosis in goats in Uberlândia, Minas Gerais, 
 Brazil. Trop Anim Hlth Prod. 2012; 44: 101-
 106.                         
39.  Tabatabaeizadeh, E., Tabar, G. H., Farzaneh N., 
 et al. Prevalence of Leptospira Hardjo antibody in 
 bulk tank milk in some dairy herds in Mashhad 
 suburb. Afr J Microbiol Res. 2011; 5: 1768-1772. 
40.  Ijaz. M., Farooqi, S. H., Aqib, A. I., et al. 
 Seroepidemiology of Bovine Leptospirosis and 
 associated risk factors in a Flood Affected Zone of 
 Pakistan. Pak Vet J. 2018; 38 (2): 179 - 183.                      
41.  Mazeri, S., Scolamacchia, F., Handel, I. G., et al. 
 Risk factor analysis for antibodies to Brucella, 
 Leptospira and C. burnetii among cattle in the 
 Adamawa Region of Cameroon: a cross-sectional 
 study. Trop Anim Hlth Prod. 2013; 45 (2): 617-
 623.                                           
42.  Suepaul, S. M., Carrington, C. V., Campbell, M., 
 et al. Seroepidemiology of leptospirosis in 
 livestock in Trinidad, Trop Anim Hlth Prod. 2011; 
 43: 367–375.  
